Neocurdione, isoprocurcumenol, and a new sesquiterpene, 9-oxo-neoprocurcumenol, were isolated from fresh rhizomes of Curcuma aromatica and Curcuma zedoaria (Zingiberaceae) as attachment inhibitors against the blue mussel, Mytilus edulis galloprovincialis. The structures of these compounds were elucidated on the basis of spectroscopic evidence.
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Marine fouling caused by the attachment of marine sessile organisms such as barnacles and blue mussels to the bottom of ships and to the pipes in power plant has been causing huge economic losses. Organo-tin compounds and cuprous oxide have been used as eŠective anti-fouling agents as a remedy to this problem. However, pollution brought about by tin and copper liquation from the antifouling agents, and their subsequent bio-concentration in marine organisms has caused serious concern.
We have developed a useful biological assay as â rst screening method for evaluating antifouling activity 1) that uses blue mussels. We have employed this bioassay to guide the isolation of new antifouling compounds from a variety of natural sources.
2) In our continuous search for more antifouling compounds, we have reported the attachment-inhibiting activity of the extracts of several plant species of the Zingiberaceae family and the isolation of shogaols from the hexane fraction of roots of the ginger, Zingiber o‹cinale.
3) The hexane and ethyl acetate extract of rhizomes of Curcuma aromatica and the hexane extract of C. zedoaria showed very strong attachment-inhibiting activity against the blue mussel, Mytilus edulis galloprovincialis.
3) (Table 1 ) In this paper, we report the isolation of attachment inhibitors against the blue mussel, M. edulis galloprovincialis from fresh rhizomes of C. aromatica and C. zedoaria. Rhizomes of Curcuma spp. are used as a traditional oriental medicine in China, Japan and southeastern Asia. 4) Many kinds of sesquiterpenes have been reported from C. aromatica. 5) C. zedoaria is frequently used as a traditional remedy to invigorate and promote blood circulation and to relieve pain in many Asian countries such as Korea, China, and Japan by using the burred tuber. Experience from traditional Chinese medicine has shown that the rhizomes of C. zedoaria contain several speciˆc sesquiterpenes that are eŠective against ‰atulent colic, debility of the digestive organs, amenorrhea, hepatocirrhosis, 6) cancer, oxidation, 7, 8) and human blood aggregation.
9)
Isolation of attachment inhibitors from C. aromatica. Slices of the roots (2.1 kg) of C. aromatica that had been cultivated in Okinawa were extracted by 
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hexane (3 l×2). The hexane extract (11 g) was subjected to repeated silica gel column chromatography, using hexane-ethyl ether (3:1), to give compound 1 (762 mg, 0.036z). The EtOAc extract (2.7 g) was subjected to repeated silica gel column chromatography, using a hexane-ethyl acetate gradient solvent system, and then to HPLC (Daiso SP-120-s-ODS-BP, 20×250 mm), using MeCN-H2O (3:7), to give compound 2 (8.6 mg, 0.0004z). These compounds (1 and 2) showed attachment-inhibiting activity against the blue mussel that was two times stronger (1 and 2, each 0.7 mg W 4 cm diameter; unit 210, 220, respectively) than standard CuSO4 (1.0 mg W 4 cm diameter).
1)
Compound 1 was identiˆed as neocurdione by comparing its 13 C-NMR spectral data with those from the literature. 5) Compound 2 was obtained as a viscous oil, and its molecular formula was determined as C15H20O3 [[M] ＋ m W z 248.1375] from its HREI mass spectrum. The IR spectrum showed the presence of two conjugated carbonyl (1680 and 1650 cm -1 ) and one hydroxyl (3390 cm -1 ) groups. The 1 H-and 13 C-NMR spectra (Table 2) revealed the presence of a tertiary methyl group (dH 1.16 and dC 9-Oxo-neoprocurcumenol from Curcuma aromatica 21.9) on a carbinyl carbon (dC 80.6), an isopropylidene group (dH 1.90, 2.05, and dC 22.7, 23.3, 129.6, 147.1), a vinyl methyl group (dH 1.84 and dC 13.7, 129.6, 164.2) and two carbonyl groups (dC 197.7 and 199.1). The assignment of the carbonyl group at the C-8 position was obtained by an HMBC experiment which indicated correlation between an aliphatic proton at C-6a (d 2.88) and the carbonyl carbon at C-8 (d 199.1) . The other carbonyl group was located at C-9 as revealed by the HMBC experiment, indicating correlation between the vinyl methyl protons and the carbonyl carbon at C-9 (d 197.7). The observation of NOE correlation between H-14 (d 1.16) and H-6a (d 2.88) and between H-5 (d 2.56) and H-6 b (d 2.12) revealed the same orientation of a hydroxyl group at C-4 and the proton at C-5. Biogenetic considerations of guaian-type compounds suggested that compound 2 had the same absolute conˆgura-tions at C-4 and C-5 as those of neoprocurcumenol.
10)
The structure of 9-oxo-neoprocurcumenol was therefore assigned to compound 2.
9-Oxo-neoprocurcumenol (2) Isolation of the attachment inhibitors from C. zedoaria. The hexane extract (3.47 g) of C. zeodoria (880 g) that had been cultivated in Okinawa, Japan, had attachment-inhibiting activity of 5 mg W 4 cm diameter. The hexane extract was subjected to repeated silica gel column chromatography, using a hexane-ethyl acetate gradient solvent system and CH2Cl2-ethyl acetate (9:1), to give compound 3 (29 mg, 0.0033z) which was identiˆed as isoprocurcumenol by comparing its 13 C-NMR spectral data with those in the literature. 10) Compound 3 showed attachment-inhibiting activity against the blue mussel two times stronger (0.7 mg W 4 cm diameter; unit 210) than standard CuSO4.
